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Abstract:  
Soils only have a finite capacity for the removal of wastewater pollutants and with time this 
capacity could in fact decline. Once this capacity is exceeded or there is neglect of subsurface 
conditions, excessive transmission of pollutant loads to the natural environment is inevitable 
resulting in environmental and public health impacts. Not all soil types have the capacity to 
provide adequate treatment and dispersal of sewage effluent. The ability of the soil medium to 
remove pollutants and transmit effluent is one of soils’ more important characteristics and one 
which a successful on-site sewage treatment system is significantly dependent. For continued 
long term application to be successful it is essential that infiltration and drainage 
characteristics of soils do not decline. Also critical is how the long term application of 
nutrients and cations has affected the soils and whether any leaching of these occur. This 
paper compares the outcomes of detailed field studies with physico-chemical data collected 
from a continuing long term undisturbed soil column study where typical soils of South East 
Queensland have been subjected to sewage effluent application over a period of 2 years to 
determine whether prediction of long term behaviour of sub-tropical soils is achievable. 
 





Soil is a medium that supports plant growth, modulates water, nutrients and pollutant 
transport in a terrestrial environment (Wang et al., 2003). It also serves important ecological 
functions such as cycling of biochemical essential elements as well as being the ultimate 
receptor of wastes. Soils only have a finite capacity for the removal of wastewater pollutants 
and with time this capacity could in fact decline (Halliwell, 2001). Once this capacity is 
exceeded, excessive transmission of pollutant loads to the natural environment is inevitable 
resulting in environmental and public health impacts. Therefore it is important to investigate 
the long term behaviour of subsoils under effluent dispersal as effluent application can change 
soil properties and make the treatment less effective. For example, soil porosity and 
consequently hydrological properties, soil exchange mechanisms and structural stability are 
sensitive to treated wastewater compounds (Balks et al., 1998). 
 
Not all soil types have the capacity to provide adequate treatment and dispersal of sewage 
effluent. The soil’s capacity to provide adequate treatment is particularly important in the case 
of septic tank-subsurface effluent dispersal systems which is by far the most common system 
adopted around the world. The ability of the soil medium to remove pollutants and transmit 
effluent is one of soils’ more important characteristics and one which a successful on-site 
sewage treatment system is significantly dependent. On-site wastewater treatment relies on 
infiltration and percolation of effluent through the soil to achieve satisfactory purification 
prior to recharge to ground water (Jenssen and Siegrist, 1990).  
This paper compares the outcomes of detailed field studies (Dawes and Goonetilleke, 2003) 
with physico-chemical data obtained from a long term undisturbed soil column study. Typical 
soils of South East Queensland, Australia have been subjected to sewage effluent application 
over a period of 2 years.  
 
2. The Project 
 
To adequately assess a soil’s long-term capacity to attenuate effluent pollutants and provide 
sufficient dispersal capability, hydrological properties and drainage characteristics, as well as 
the physico-chemical characteristics need to be investigated. Soil sampling and monitoring 
data at established subsurface effluent dispersal systems can be used as a convenient method 
for evaluating renovation effectiveness and to obtain an insight into renovation mechanisms 
(Dawes and Goonetilleke, 2003). Cation Exchange Capacity (CEC) which provides an 
indication of the ionic charge of the soil has been identified by Khalil et al. (2004) as an 
important property in evaluating a soil’s ability to renovate effluent. The amount and type of 
clay present in the soil, pH and organic matter are also important parameters influencing 
adsorption within the soil matrix. Individual cations, such as magnesium (Mg), calcium (Ca), 
potassium (K) and sodium (Na) can also influence the renovation and infiltration of effluent 
through a soil. High concentrations of cations such as Na and Mg, can cause dispersion of the 
clay particles and effectively impede water flow through the soil (Dawes and Goonetilleke, 
2003). 
 
2.1 Collection of Soil Columns 
Twelve undisturbed cores were obtained representing the major soil types commonly found in 
South East Queensland, Australia. The soil types included Kurosol, Ferrosol, Sodosol, 
Dermosol, Kandosol, Podosol and Chromosol soil groups (Isbell 2002). The undisturbed cores 
were obtained using an 85mm hollow flite auger and driven to a depth of 1200mm.  
 
Test columns, as depicted in Figure 1, were 
fabricated using 100mm φ Perspex tubing 
capped with a 10mm thick square Perspex 
base plate. Three effluent sampling points 
were located along the length of each column 
at 150, 450 and 800mm from the top and a 
fourth effluent sampling point was centrally 
located at the base of the column. 
Additionally, three soil sample ports were 
located at the same heights but opposite of the 
effluent sampling points. Effluent samples 
were collected from the soil columns using 
75mm long stainless steel tubes (10mm φ) 
with 3mm drilled holes located on the top and 
sides to allow percolating effluent to enter and 
flow out into connected sample bottles. These 
were inserted through the soil at each effluent 
sampling point.  
 
 
Prior to inserting each soil core into the 
prepared columns, the top 400mm was 
removed. This was to replicate as closely as 





























Figure 1 Column Setup 
absorption system commonly used in Australia. Table 1 gives a summary of original relevant 
physical and chemical soil properties of the twelve soil cores and their respective soil 
classifications based on the Australian Soil Classification 
 
Parameter Column 1 Column 2 Column 3 
Soil Classification (Isbell 
2002) Yellow Kurosol Red Ferrosol Semiaquic Podosol 
Sampling Point SP1 SP2 SP3  SP1 SP2 SP3  SP1 SP2 SP3 
Clay (%) 25.5 45.4 28.8  84.4 88.5 76.4  3.3 0.1 3.4 
Silt (%) 19.2 25.3 31.4  1.8 2.4 2.0  2.6 4.0 6.7 
Sand (%) 55.3 29.3 39.8  13.8 9.1 21.6  94.1 95.9 89.9 
pH 6.1 4.7 4.8  5.0 4.4 4.1  5.3 6.4 6.2 
EC dS/m 0.17 0.13 0.07  0.05 0.04 0.05  0.02 1.91 0.02 
Organic Matter (%) 20.5 7.9 4.7  22.0 18.8 13.2  4.4 0.0 0.3 
CEC meq/100g 3.2 6.0 51.2  3.2 27.3 27.3  14.6 7.8 14.6 
ECEC meq/100g 3.6 4.8 7.7  3.0 1.0 1.5  1.2 0.6 0.6 
Exc Ca meq/100g 1.08 0.18 0.13  1.13 0.35 0.59  0.39 0.30 0.14 
Exc Mg meq/100g 2.18 4.22 6.82  1.58 0.37 0.73  0.66 0.18 0.26 
Exc Na meq/100g 0.13 0.35 0.54  0.13 0.10 0.14  0.07 0.14 0.13 
Exc K meq/100g 0.15 0.04 0.09  0.11 0.07 0.05  0.02 0.05 0.02 
ESP (%) 4.0 7.3 7.0  4.5 10 9.3  0.5 1.8 0.9 
 Column 4 Column 5 Column 6 
 Brown Kurosol Red Chromosol Brown Sodosol 
Sampling Point SP1 SP2 SP3  SP1 SP2 SP3  SP1 SP2 SP3 
Clay (%) 16.5 28.4 26.1  2.0 7.6 39.1  27.9 18.3 27.8 
Silt (%) 14.6 3.2 35.0  23.0 15.5 9.5  10.7 6.3 7.9 
Sand (%) 68.9 68.4 38.9  75.0 76.9 51.4  61.4 75.4 64.3 
pH 4.7 4.8 5.4  5.8 5.7 6.5  4.5 4.5 6.2 
EC dS/m 1.82 0.46 0.49  1.13 0.05 0.44  0.79 0.15 0.44 
Organic Matter (%) 10.2 6.6 21.0  8.0 3.0 14.6  1.2 5.2 7.1 
CEC meq/100g 14.6 27.3 27.3  16.5 24.1 11.3  10.0 14.6 8.8 
ECEC meq/100g 2.3 0.1 17.8  5.0 1.4 1.8  5.4 3.4 33.3 
Exc Ca meq/100g 0.50 0.01 0.15  1.61 0.09 0.38  0.79 0.32 1.83 
Exc Mg meq/100g 1.48 0.03 13.98  3.05 1.03 0.90  4.03 2.52 26.00 
Exc Na meq/100g 0.20 0.04 3.49  0.27 0.25 0.25  0.54 0.45 5.30 
Exc K meq/100g 0.11 0.02 0.13  0.09 0.04 0.11  0.05 0.07 0.14 
ESP (%) 8.6 16.0 19.6  5.2 17.6 15.5  9.9 13.3 15.9 
 Column 7 Column 8 Column 9 
 Brown Kurosol Brown Dermosol Yellow Dermosol 
Sampling Point SP1 SP2 SP3  SP1 SP2 SP3  SP1 SP2 SP3 
Clay (%) 12.0 19.7 43.1  12.4 18.3 27.8  3.2 3.3 15.0 
Silt (%) 6.0 4.6 1.1  0.5 6.3 7.9  5.9 2.3 3.0 
Sand (%) 82.0 75.7 55.8  87.1 75.4 64.3  90.9 94.4 82.0 
pH 5.8 5.3 4.0  4.3 4.5 6.2  5.12 5.38 5.56 
EC dS/m 0.16 0.15 0.15  0.05 0.15 0.44  0.45 1.11 0.32 
Organic Matter (%) 3.12 2.89 8.00  10.01 5.20 7.08  2.13 3.26 5.07 
CEC meq/100g 14.6 5.3 10  5.3 14.6 14.6  3.7 10.0 4.5 
ECEC meq/100g 1.9 2.8 3.7  0.8 4.0 5.8  1.0 0.4 0.2 
Exc Ca meq/100g 0.66 0.35 0.06  0.08 0.08 0.11  0.35 0.04 0.01 
Exc Mg meq/100g 0.91 2.11 3.30  0.54 3.53 5.10  0.47 0.22 0.08 
Exc Na meq/100g 0.14 0.24 0.31  0.16 0.29 0.40  0.10 0.06 0.04 
Exc K meq/100g 0.16 0.12 0.06  0.03 0.10 0.14  0.06 0.07 0.08 
ESP (%) 1.0 4.5 8.3  3.0 2.0 2.8  2.7 0.6 0.9 
 Column 10 Column 11 Column 12 
 Yellow Chromosol Grey Chromosol Red Kandosol 
Sampling Point SP1 SP2 SP3  SP1b SP2 SP3  SP1 SP2 SP3 
Clay (%) 18.9 15.6 31.0  3.9 4.7 56.8  9.5 40.8 30.1 
Silt (%) 1.9 18.1 9.0  5.4 24.4 2.9  2.0 1.8 2.8 
Sand (%) 79.2 66.3 60.0  90.7 70.9 40.3  88.5 57.4 67.1 
pH 5.01 5.20 5.60  6.2 6.0 5.9  5.91 6.03 5.65 
EC dS/m 0.10 0.07 0.04  0.24 0.16 0.75  0.22 0.24 0.15 
Organic Matter (%) 3.9 5.2 6.8  5.0 2.9 11.6  3.0 5.3 11.9 
CEC meq/100g 3.7 7.8 7.8  6.0 8.8 3.7  2.8 5.3 3.7 
ECEC meq/100g 1.7 0.8 3.2  0.7 1.6 4.7  0.9 2.5 11.1 
Exc Ca meq/100g 0.76 0.13 0.12  0.18 0.07 0.07  0.14 0.12 0.13 
Exc Mg meq/100g 0.81 0.47 2.89  0.43 1.37 4.36  0.60 2.17 10.51 
Exc Na meq/100g 0.10 0.13 0.13  0.06 0.15 0.20  0.09 0.19 0.38 
Exc K meq/100g 0.06 0.05 0.09  0.02 0.01 0.02  0.01 0.01 0.04 
ESP (%) 2.7 1.7 1.7  1.0 1.7 4.3  3.3 3.6 10.4 
Table 1 Original Physical and Chemical characteristics of Column Soils 
2.2 Soil Sampling and Analysis 
Samples were also taken from the soil cores prior to their insertion into the test columns to 
determine the original physico-chemical characteristics. Subsequently, soil samples were 
collected at each of the three soil sampling points in the test columns after one and two years 
of effluent application. This was to evaluate the changes to soil physico-chemical 
characteristics after long term effluent application. The soil parameters measured and the test 
methods adopted for analysis followed Rayment and Higginson (1992) and Peverill et al. 
1999. 
 
2.3 Effluent Application and Sampling  
Primary treated effluent collected from a municipal wastewater treatment plant was applied to 
the top of the column at the rate of 240 mL/day until ponding occurred due to the formation of 
a clogging mat. The reason for the use of primary treated effluent from a municipal treatment 
plant was that it allowed access to a source of effluent with reasonably uniform quality. The 
use of septic tank effluent would have been closer to actual situation on the ground, but it was 
not considered feasible as it would not be possible to obtain a constant quality for the duration 
of the experiment. The application rate was based on typical household effluent flow rates and 
system sizes and adjusted (scaled) for the cross-sectional area of the soil column. Average 
quality characteristics of the effluent used is given in Table 2. After effluent ponding had 
taken place, application rates were reduced and applied when necessary to allow sufficient 
time for effluent to percolate through the clogging mat and infiltrate into the soil. A reduction 
in effluent infiltration as a result of the development of a clogging mat occurred over a 3-4 
month period before steady state infiltration occurred. Subsequently, a reduction in the soils’ 
permeability also occurred as a result of the clogging mat (Carroll et al, 2005). Effluent 
application continued over a two year period. Effluent which had infiltrated through the soil 
column were analysed on a fortnightly basis or earlier if the sampling bottles contained more 
than 20ml of sample. The collected samples were analysed for pH, Electrical Conductivity 
(EC), Chloride ions, Phosphorus (PO43--P), Nitrates (NO3), Sulphates (SO4) and Cations (Al, 
Fe, Mg, Na, Ca and K) if sufficient sample was available as per APHA, 1999.  
 
2.4 Field Studies 
Homogeneous paired soil samples were collected from 34 study sites located in the urban 
fringe of the local government areas of Brisbane and Logan City Councils in Queensland 
State, Australia. These regions are adjacent to each other and are currently undergoing 
significant urbanisation with the development of extensive rural residential allotments which 
are not serviced by reticulated sewerage facilities. The selected sites consisted of soils that 
had been subjected to sewage effluent dispersal with samples collected from piezometer 
locations at 1 m and 3m downstream from the edge of the subsurface dispersal area and soil 
samples from control sites that had not received effluent (Dawes et al., 2005). The control 
samples were needed in order to determine background soil parameters. The piezometers were 
installed to a maximum depth of 1.5m or to a clay layer of very low permeability in order to 
collect soil water samples. Site and soil classification and details of the field sites are given in 
a previous On-Site paper, Dawes and Goonetilleke (2003).  
 
Detailed assessment of the sites was carried out to determine treatment performance of each 
subsurface effluent disposal system. Treatment performance was defined by field 
observations, soil water sampling results and detailed site history obtained from the 
householder and surface and sub-surface site conditions noted during the study. This 
information, together with site conditions and insitu drainage data was utilised in the 
establishing possible site failure mode. Table 3 lists the failure diagnosis for sites classified in 
terms of type of design boundary failure (USEPA, 2002).  
 
Table 2 Average Effluent Characteristics of applied effluent 
Parameter  Concentration 
pH 7.88 
EC dS/m 0.93 
NO3- -N mg/L 3.18 
PO4-  -P mg/L 22.5 
Ca mg/L 22.78 
Mg mg/L 18.03 
Na mg/L 133.3 
K mg/L 14.47 
SAR mg/L 5.21 
 
Table 3 Failure Diagnosis of field sites 
Site Noa Age (y) Failure Modeb 
Depth to 
Restrictive layer m 
 3 (BC1) 5 
Hydraulic failure (surface ponding) 
Saturated zone above restrictive horizon 0.5 
20 (BC4) 19 
Hydraulic failure (waterlogged) 
Saturated zone above restrictive horizon 0.3 
24 (BC7) 18 
Pollutant contamination.  
Inadequate treatment before entering groundwater 0.6 
29 (BC10) 5 
Pollutant contamination.  
Inadequate treatment before entering groundwater, rock ledge 0.3 
34 (BC12) 20 
Hydraulic failure (waterlogged)  
Saturated zone above restrictive horizon 0.2 
30 (BKu3) 7 
Hydraulic failure (waterlogged)  
Saturated zone above restrictive horizon 0.2 
18 (BS1) 8 
Pollutant contamination. Inadequate treatment before entering groundwater. G/W 
mounding 0.1 
9 (GS1) 17 
Hydraulic failure (waterlogged)  
Saturated zone above restrictive horizon 0.3 
8 (RS1) 4 
Pollutant contamination. Inadequate treatment before entering groundwater. G/W 
mounding 0.3 
16 (RF2) 4 
Hydraulic failure (waterlogged) 
Saturated zone above restrictive horizon 0.4 
a   BC – Brown Chromosol; GS – Grey Sodosol; RF - Red Ferrosol; BKu – Brown Kurosol;  Numbers relate to sequential sites  
b   Failure criteria based on USEPA On-site Wastewater Treatment Manual 2002, Section 5.8 
 
3. Results and Discussion 
 
3.1 Impact on Soil Physical Properties (Columns) 
Only four columns (Column 3, 8, 10 and 12) were permeable enough to allow effluent to 
percolate through the entire soil column after twelve months of effluent application. This was 
expected for the sand textured Column 3 (Podosol). Although related to the soils mineralogy 
(in particular the type and amount of clay in the soil profile), the extent of clogging mat 
development on the soil infiltration surface will influence the hydraulic conductivity of the 
soil. Carroll et al. (2005) highlighted the reduction of hydraulic conductivity in similar soils 
due to the clogging mat where steady state conditions occurred between 40 and 80 days after 
effluent application commenced. Hydraulic conductivity values for these soils after 80 days 
were less than 5mm/day. This reduction could also be caused by clay enrichment down the 
soil profile (Column 5, 8 and 12) or clogging of soil pores by organic matter which increased 
in all columns except Column 3. The increase in organic matter resulted in increased CEC in 
columns which had relatively higher clay content. Menneer et al. (2001) in a study on 
laboratory and insitu soils in New Zealand found reduced water movement through soils as a 
result of dispersed clay, thereby blocking the water conducting pores and impeding drainage. 
There was no evidence of dispersed clay in the leachate that would cause the collapse of soil 
aggregates and subsequent decrease in hydraulic conductivity in any columns in the twelve 
months of effluent application. 
Columns 1, 3, 7, 9, 10 and 12 exhibited very rapid flow through SP1 (Sample Point 1) and 
were plugged after two litres of leachate sample was collected. This was done to prevent 
excessive lateral flow and allow only downward flow though the soil. Columns 5, 6 and 11 
were not receiving any effluent below SP1 (no effluent collected in sample bottles). The 
effluent infiltration through these soils was very slow, indicating a very low saturated 
hydraulic conductivity. The possibility of a restrictive layer forming an impermeable barrier 
and therefore limiting any flow through the soil column may also explain this occurrence. To 
provide suitable renovation of effluent, infiltration through the soil should be at a rate to 
provide adequate treatment and also the continued dispersal of the effluent. When the rate is 
too slow, discharged effluent will not be able to infiltrate through the soil, and ponding will 
occur. Ponding occurred in all columns except Column 3 (Podosol), and varied from 2 days 
(Sodosol) after initial effluent application to 76 days (Kandosol). This was dependant on soil 
texture and clay content through the profile. 
 
3.2 Impact on Soil Chemical Properties (Columns) 
All soils except in Column 5 (Chromosol) showed a significant increase (P<0.05) in pH as a 
result of effluent application. This is likely to relate to the addition of basic cations and anions 
found in effluent which is slightly alkaline. These results are similar to the effluent irrigation 
study by Falkiner and Smith, (1997) on Red Chromosol and Red Kandosol soils, where they 
found significant increases in soil pH along with significant changes in soil cations Ca2+, 
Mg2+, Na+ and K+ after 2 to 4 seasons of irrigation. They found ECEC increased with time 
and postulated that this was as a result of displacement of H+ ions from clay surfaces caused 
by the addition of cations in irrigation water. Column 6 (Sodosol) and 8 (Dermosol) support 
this hypothesis at SP1. Several columns where SP1 was plugged, namely Column 1 
(Kurosol), Column 5 (Chromosol) and Column 9 (Dermosol) also showed increased ECEC at 
SP2. 
 
Electrical Conductivity (EC) values increased significantly (P<0.01) at SP1 for all Columns 
except 4, 5 and 6 indicating soluble salts were being deposited as a result of effluent ponding. 
The addition of wastewater effluent to already high EC soils in Columns 4, 5 and 6 led to the 
redistribution of EC more evenly through the profile even though these soils exhibited very 
low flow. 
 
Menneer et al., (2001) in a field and laboratory study on sodium rich effluent irrigation of 
silty loam soils in New Zealand found changes in electrical conductivity, exchangeable 
sodium and exchangeable sodium percentage up to 0.3m depth with the largest increases at 
the surface. In this study, Columns 1, 7, 8, 10, 11 and 12 exhibited very similar 
characteristics. Similar increases in ESP recorded at depth in columns of low CEC enabled 
small increases in exchangeable sodium to have relatively large effects on ESP. Many 
researchers (for example Menneer et al., 2001, Halliwell et al., 2001, Magnesan et al., 1999, 
Balks et al., 1998) have reported on soil structural deterioration which leads to clay dispersion 
and subsequent reduction in hydraulic conductivity under effluent application caused by 
increased ESP.  
 
Exchangeable cation concentrations in all soil columns varied with the application of effluent. 
All columns except Column 4 and 8 displayed a reduction in exchangeable calcium. Increases 
in exchangeable sodium, with the majority occurring at the surface, were often accompanied 
by an increase in exchangeable magnesium. Phillips (2002) states that low CEC soils would 
not favour large-scale changes in exchangeable cations. The low CEC soil columns in this 
study (Columns 9, 10, 11 and 12) support this hypothesis except in the case of exchangeable 
magnesium where large changes in concentrations were adsorbed and leached. These low 
CEC soils were predominately kaolinite clay except Column 12 which was a mixed 
mineralogy soil (Kaolinite/Illite). When there is a change in other cations, sodium will 
compete well for exchange sites (Menneer et al., 2001). The type of clay can determine what 
exchangeable cations are adsorbed or leached. In general significant increases in ESP 
occurred in soil columns with <30% clay and in the presence of illite clay. 
 
3.3 Assessment of Soil Columns with Field Study Sites 
The soil columns were collected from similar soil types and profiles to existing field sites. 
This was to enable assessment in a controlled environment, of a soil’s long term ability to 
effectively attenuate sewage effluent and provide adequate dispersal capacity. Monitoring the 
changes to a soil’s physical and chemical properties and hydraulic behaviour under effluent 
application, it was possible to identify the critical parameters and allowed correlation of these 
parameters to be undertaken both in the field and in a controlled environment. Comparison 
and evaluation of the controlling parameters allow better prediction of long term treatment 
potential. 
 
Field sites were evaluated based on treatment performance and classified according to 
USEPA (2002) failure diagnosis. In the soil column study, hydraulic failure occurred rapidly 
in a Sodosol (Column 6), Dermosol (Column 8) and Chromosols (Column 5 and 11). The 
soils in these columns were dominated by either magnesium and/or sodium throughout the 
soil profile. Calcium was either very low originally or leached from these soils. The ESP of 
the Chromosol soils increased markedly (Column 5 from 5% to 21% at SP1 and Column 11 
from 1% to 7% at SP1) which is likely to lead to soil structural deterioration through 
dispersion. The Dermosol soil also showed a distinct increase in ESP at SP1 (3% to 13%). 
The Sodosol soil already had high ESP throughout the profile and soil samples collected from 
SP2 (depth of soil 0.43m) and SP3 were still dry after 12 months of effluent application. In 
Columns 2 (Ferrosol) and 4 (Kurosol), moderate to high ESP was offset by the co-dominance 
of calcium and magnesium. The presence of small amounts of smectite clays in the lower part 
of these columns could be beneficial in the adsorption of sodium cations. 
 
Several of the field sites had slowly permeable soil at the top of the ‘B’ horizon and lateral 
flow was observed. In these cases the A-B interface effectively acts as an impermeable barrier 
to vertical flow. As the ‘A’ horizon becomes saturated, lateral flow of effluent is preferred 
rather than downward movement. Columns 1, 5, 6, and 9 with the majority of the A horizon 
removed exhibited these characteristics and were subsequently closed at Sampling Point 1.  
 
Similar to many field site soils, the pH in the column soils throughout the profile increased as 
a result of effluent application. The increase in organic matter and increased pH generally lead 
to a CEC increase, but was dependant on the type of clay. Minor rearrangement of cations 
occurred in low CEC soils. Electrical conductivity profiles showed similar variations to the 
field sites with pulsing of salts through the soil profile (Dawes and Goonetilleke, 2003). The 
build up of salts is dependant on the soils’ hydraulic capacity. 
 
Field sites were categorised by their landscape position and given a drainage classification 
ranging from well drained to very poorly drained (McDonald et al., 1998). The undisturbed 
soil columns were also assigned drainage classes based on where they were sampled in the 
topographic profile. Field sites that displayed hydraulic failure (except Site 34 where depth to 
restrictive horizon was 0.2m) fell within the imperfectly to poorly drained classes. Similarly, 
the soil columns where hydraulic failure occurred (Column 5 and 6) were classified as 
imperfectly drained. The hydraulic failure in Column 11 (moderately well drained class) was 
related to dispersion of the soil caused by an increase in ESP (1% to 7%) in the top half of the 
profile (SP1).  
 
4 Conclusions 
The major consequences of effluent irrigation are that sodium can induce changes in soil 
properties with the likelihood of soil ESP increase, leading to decreased hydraulic 
conductivity of the soil and subsequent hydraulic failure. The type of clay and clay content 
along with cation exchange capacity, exchangeable magnesium and exchangeable sodium 
content have the potential to be used as possible indicators of soil degradation under effluent 
irrigation. This will lead to identification of likely hazards that will aid designers of effluent 
irrigation systems. 
 
Dynamics of cation movement in soils are important in processes such as waste dispersal and 
salt removal. Transportation of cations through soil can cause potential increases in salt load 
not only in the soil profile, but also groundwater or receiving water bodies. A good 
understanding of the interaction between cations in solution and soils will help in developing 
better design strategies for effluent irrigation. Identification and correlation of influential soil 
attributes in field and column studies confirmed that accelerated undisturbed soil column 
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